Induction of oral tolerance. Mice were deprived of food, but not water, for 4-6 hours before oral antigen administration. MBP (in 0.5 ml PBS) was administered by gastric intubation to anesthetized mice. Control Tg mice were either untreated or were fed vehicle (PBS) or 100 mg ovalbumin (OVA). There were no observable differences between control groups.
Flow cytometry. A total of 0.5 × 10 6 cells were stained with: FITC anti-Vβ 8.1/8.2; FITC anti-I-A b ; cychrome anti-CD4; FITC anti-CD62L; FITC anti-CD44; FITC anti-CD69; phycoerythrin (PE) anti-CD45RB; PE antiFasL; and PE anti-Fas (PharMingen, San Diego, California, USA). Isotype controls: mouse IgG 2a and IgG 2b , rat IgG 2a and IgG 2b , and hamster IgG were run with each sample and matched for fluorochrome. After a 30-minute incubation, cells were washed and resuspended in 1% paraformaldehyde. Analysis was performed on an Epics XL flow cytometer (Beckman Coulter Inc., Miami, Florida, USA). Forward and right angle light scatter was used to gate the lymphocyte population and exclude monocytes/macrophages, granulocytes, and dead cells.
Analysis of intracellular TCR expression was performed using the Immunotech IntraPrep Permeabilization Reagent kit (Coulter Electronics Ltd.) with modifications. Briefly, 10 6 cells were incubated with FITC anti-Vβ 8.1/8.2 in 30% mouse serum (Sigma Chemical Co., St. Louis Missouri, USA). After washing, cells were incubated with a three-to fivefold excess of purified anti-Vβ 8.1/8.2 to saturate extracellular TCR sites. Cells were then washed, fixed, and permeabilized according to manufacturer's instructions. Cells were incubated with PE anti-Vβ 8.1/8.2 for intracellular Vβ protein detection and then washed, resuspended in 0.5% paraformaldehyde, and analyzed (at least 10,000 events) by flow cytometry.
Induction of EAE. Tg mice were injected subcutaneously over four sites on the back with 100 µl containing 200 µg MBP combined with CFA (containing 200 µg heat-killed Mycobacterium tuberculosis Jamaica strain). Mice also received 200 ng pertussis toxin (List Biological, Campbell, California, USA) intraperitoneally in 0.2 ml PBS, at the time of immunization and 48 hours later. For passive EAE, lymph node (LN) and spleen (SPL) cells were cultured in vitro with MBP and transferred intraperitoneally (10 × 10 6 ) to B10.PL recipients. Mice were also given pertussis toxin as already described here. All animals were observed daily for clinical signs and scored as follows: limp tail or waddling gait with tail tonicity, 1; waddling gait with limp tail (ataxia), 2; ataxia with partial limb paralysis, 2.5; full paralysis of one limb, 3; full paralysis of one limb with partial paralysis of second limb, 3.5; full paralysis of two limbs, 4; moribund, 4.5; and death, 5.
Adult thymectomy. Thymectomy surgery was performed under a dissecting microscope as reported elsewhere (17) . Adult Tg mice were given 20 µg gentocin intraperitoneally and were then anesthetized with ketamine (82-110 mg/kg) and xylazine (7.5 mg/kg) intraperitoneally. During surgery, mice were intubated and maintained on a rodent ventilator. An upper median sternotomy was performed, and both lobes of the thymus were dissected and removed. The thoracic cage was sutured closed and the skin was secured; mice were then extubated and provided with oxygen. Regular breathing resumed within 1 minute of extubation, and the entire procedure lasted approximately 10-15 minutes per animal. Sham surgery control mice were anesthetized and intubated; the thoracic cage was then opened and sutured closed. Mice were used in experiments 7-10 days after surgery.
Cytokine ELISPOT. ELISPOT analysis was performed as described elsewhere (18) . Plates (Whatman Polyfiltronics, Rockland, Massachusetts, USA) were coated overnight with: 2 µg/ml anti-IL-2, 4 µg/ml anti-IL-4, 5 µg/ml anti-IL-5, and 4 µg/ml anti-IFN-γ (PharMingen). Plates were blocked for 1 hour, and then LN cells (5 × 10 5 per 0.1 ml) were resuspended in HL-1 medium (BioWhittaker Inc., Walkersville, Maryland, USA) with 1% L-glutamine and 1:1,000 gentamicin and added to replicate wells with 40 µg/ml MBP, 40 µg/ml OVA (Sigma Chemical Co.), 1-5 µg/ml anti-CD3ε (PharMingen), or medium alone. Cultures were incubated for 24 (IL-2, IFN-γ) or 48 (IL-4, IL-5) hours and were then washed and secondary antibodies added: 2 µg/ml biotinylated anti-IL-2, anti-IL-4, and anti-IFN-γ, and 4 µg/ml biotinylated anti-IL-5 (PharMingen). After overnight incubation, plates were washed and incubated with alkaline phosphatase conjugated goat antibiotin IgG (Vector Laboratories, Burlingame, California, USA) for 2 hours. Plates were washed, developed with BCIP/NBT phosphatase substrate (Kirkegaard & Perry Laboratories, Gaithersburg, Maryland, USA), and dried and analyzed by computer-assisted image analysis using a Series I Immunospot Image Analyzer (Cellular Technology, Cleveland, Ohio, USA).
TGF-β ELISA. TGF-β analysis was performed as described elsewhere (19) . Supernatants were harvested from SPL cells (4 × 10 6 /ml) cultured in X-Vivo serumfree medium (BioWhittaker) for 72 hours ± MBP (40 µg/ml). Chicken anti-TGF-β (2.5 µg/ml) (R&D Systems Inc., Minneapolis, Minnesota, USA) was incubated in Immulon II plates (Dynatech Laboratories, Chantilly, Virginia, USA) at 4°C overnight. Plates were blocked with 0.25% gelatin (Bio-Rad Laboratories Inc., Hercules, California, USA) for 1 hour, and then sample (100 µl) or standard dilutions of hu rTGFβ (R&D Systems Inc.) were added for 2 hours. Mouse anti-TGF-β 1,2,3 (1 µg/ml) (Genzyme Pharmaceuticals, Cambridge, Massachusetts, USA) was added for 45 minutes, followed by 1 µg/ml of biotinylated horse anti-mouse IgG (Vector Laboratories). Avidin-peroxidase (Sigma Chemical Co.) was added and incubated, and then plates were developed with 2,2′azino-di-3ethyl-benzthiazoline sulfonate di-ammonium salt (ABTS) substrate (Boehringer Mannheim, Indianapolis, Indiana, USA). Samples were read at 405 nm on a Bio-Rad ELISA reader (Bio-Rad Laboratories Inc.).
Lymphocyte proliferation. SPL, LN, or mesenteric lymph node (MLN) cells were cultured in RPMI 1640 containing 10% FBS, 25 mM HEPES, 2 mM L-glutamine, 50 U/ml penicillin, 50 µg/ml streptomycin, and 5 × 10 -5 M 2-mercaptoethanol in round-bottom 96-well plates (5 × 10 5 cells per well). Cells were cultured with NAc1-11 (10 µg/ml) or medium alone in triplicate for 72 hours, including a final 18-hour pulse with [ 3 H]thymidine. Cultures were harvested onto glass fiber filter mats using a Skatron harvester (Molecular Devices Corp., Sunnyvale, California, USA) and counted by liquid scintillation on a Wallac Betaplate (Wallac Inc., Gaithersburg, Maryland, USA).
Apoptosis analysis. Analysis of DNA fragmentation was performed by TdT-mediated dUTP nick end labeling (TUNEL) (Boehringer Mannheim). Cells (10 6 ) were stained with PE-anti-Vβ8 and Cyc-anti-CD4, fixed with 4% paraformaldehyde, permeabilized with 0.1% TritonX-100/0.1% sodium citrate, and exposed to the TdT/biotin-dUTP mix for 1 hour at 37°C. FITC-streptavidin was added for 30 minutes, followed by washing. Positive control samples were treated with DNase (Genzyme Pharmaceuticals) for 10 minutes before TdT labeling, whereas negative control samples contained no TdT. Annexin V staining was performed according to the manufacturer's instructions (Boehringer Mannheim). TUNEL and Annexin V stained samples (at least 10,000 events) were analyzed on an Epics XL flow cytometer.
Statistical analysis. A nonparametric ANOVA with Kruskal-Wallis analysis was utilized to determine differences between groups. All values were considered significantly different at P ≤ 0.05.
Results

A single high dose of orally administered antigen induces immediate TCR downmodulation.
Considering the high frequency of MBP-specific T cells in MBP TCR Tg mice, it was first necessary to establish the appropriate dose for oral administration of MBP. Tg mice were fed either low doses (1 mg) of MBP every other day for 10 days (five feeds) or increasing single doses (5, 25, 50, or 100 mg) of MBP. One day after feeding, peripheral lymphocytes were analyzed by flow cytometry for Tg Vβ8 TCR expression on CD4 + cells. Repeated low oral doses of MBP decreased the percentage of Vβ8 + /CD4 + cells in peripheral LNs (axillary, brachial, cervical, deep cervical, inguinal, mandibular, popliteal, periaortic) ( Figure 1a ). However, profound decreases were observed in the blood and LN after a single oral administration of 25, 50, or 100 mg of MBP. Similar reductions were observed in SPL and MLN cell preparations, but only following a single 100-mg dose of MBP (data not shown). These data suggest that a single high oral dose of MBP has the most significant effect on the MBP-specific population.
To determine if the early reduction of Vβ8 + /CD4 + Tg cells was maintained, the MBP-specific T-cell population was assessed 1 or 3 days after MBP feeding (100 mg). Oral administration of an irrelevant antigen (OVA) had no effect on Vβ8 + /CD4 + T-cell populations ( Figure 1b ). However, there was a significant reduction in Vβ8 + /CD4 + T cells 1 day after MBP feeding, and there was a return of the Tg population by day 3. Similar observations were made in SPL and MLN (data not shown). It has been proposed that orally administered antigen can induce trafficking of antigen-specific T cells out of organized lymphoid compartments (8) . However, despite a significant reduction in the per- centage of Tg cells, the total cell numbers collected from SPL, LNs, and MLNs 1 and 3 days after MBP feeding were equivalent to vehicle-fed control mice ( Figure  1c) . Furthermore, immunohistochemical analysis did not demonstrate an increase of CD4 + Tg cells in the lamina propria, Peyer's patches, or liver after MBP feeding (data not shown). These observations suggest that the immediate reduction of TCR + Tg cells and their subsequent return is not due to T-cell trafficking.
It is possible that MBP-specific T cells undergo apoptosis within the first 24 hours of a high oral dose of MBP. However, TUNEL and Annexin V staining of lymphocyte populations isolated 1 day after MBP feeding did not demonstrate evidence for apoptosis of Vβ8 + /CD4 + cells (data not shown). Furthermore, when the influence of newly derived Vβ8 + /CD4 + cells was eliminated by thymectomizing adult MBP TCR Tg mice before feeding, Vβ8 + /CD4 + expression was reduced by 78-94% in SPL, LNs, and MLNs 1 day after feeding, then completely restored by day 3. Given that the mice were thymectomized and unable to regenerate their T-cell repertoire, the Vβ8 + /CD4 + cells present on day 3 must represent the original MBP-specific population. Collectively, these observations suggest that the reduction in Vβ8 + /CD4 + cells observed 1 day after antigen feeding is not due to clonal deletion.
Another explanation for reduced Vβ8 + /CD4 + expression is antigen-induced TCR downmodulation. To examine this possibility, surface versus internal TCR expression was analyzed. LN and MLN cells were surface-labeled with FITC anti-Vβ8.2 TCR antibody and then permeabilized, and internal TCR was labeled with PE anti-Vβ8.2. Surface FITC-Vβ8.2 + cells were analyzed for internal TCR expression, and Figure 2 demonstrates that MBP feeding increases levels of internal Tg TCR. The profound reduction in surface TCR + cells 1 day after MBP feeding is also represented in Figure 2 by the reduced number of analyzed cells in the MBP-fed population. Although it cannot be determined whether the internal TCR is newly synthesized protein, these experiments suggest that TCR is internalized in vivo in response to oral administration of a high dose of MBP.
MBP TCR Tg mice are protected from EAE when challenged while TCR expression is reduced. To assess the in vivo effects of oral antigen on Th cell function, Tg mice were challenged for EAE after MBP feeding. Figure 3 
when compared with vehicle-fed thymectomized controls (EAE mortality: 3/4). Thus, onset of disease 13 days after immunization (Figure 3 ) most likely represents restored function of the Tg cells that would otherwise be rendered tolerant after high-dose MBP feeding.
T-cell activation and cytokine responses are increased early, but later decline after MBP feeding. Ligation of TCR by antigen in vitro can result in TCR downmodulation as the first step in activation (20) . Therefore, the activa- MBP TCR Tg mice are protected from EAE when challenged while TCR expression is reduced. MBP TCR Tg mice were fed vehicle or 100 mg MBP, and EAE was induced 1 or 3 days later by immunization with MBP/CFA/pertussis toxin. Mice were scored daily for disease, and the mean score of each group ± SEM is shown (n = 4-17). Clinical scores (cs) from vehicle-fed control mice were pooled regardless of the day of feeding. A Values are statistically different from vehiclefed mice at P ≤ 0.05. B The group mean of the sum of daily cs through day 14 ± SEM. C The group mean of the cumulative cs divided by the number of days the animal was observed ± SEM. D The group mean of the highest cs exhibited by mice with EAE ± SEM. tion state of Tg Vβ8 + /CD4 + T cells was examined by assessing the expression of early activation antigen (CD69), L-selectin (CD62L), CD45RB, and Pgp1 (CD44). Neither CD45RB nor CD44 expression was influenced by MBP feeding (data not shown), suggesting that Tg T cells were not triggered to differentiate from naive to memory cells (21) . CD62L expression decreased on Tg cells from MLN 1 day after oral MBP and then returned to control levels by day 3 (data not shown). Simultaneously, CD69 expression was profoundly increased on Vβ8 + /CD4 + cells 1 day after MBP feeding in peripheral LNs (Figure 4a) , MLNs, SPL, and Peyer's patches and could be detected within 6 hours of MBP feeding. An increase in CD69 and a decrease in CD62L are characteristic of T-cell activation (22) . Therefore, concomitant with TCR downmodulation, MBP-specific T cells exhibit an activated phenotype.
To characterize further the functional capacity of the MBP-specific T-cell population, in vitro cytokine responses to MBP were assessed in lymphocytes from adult Tg mice that were thymectomized before MBP or vehicle feeding. Figure 4b shows that TGF-β levels are unchanged over time after MBP feeding. In contrast, there are profound increases in Th1 (IL-2, IFN-γ) and Th2 (IL-5, IL-4) MBP-specific cells 1 day after feeding (Figure 4, c and d) . Interestingly, cytokine levels gradually declined to values lower than vehicle-fed control mice by 14 days after oral MBP.
Oral administration of MBP decreases Vβ8 + /CD4 + cell numbers and function.
To monitor only those antigen-specific T cells exposed to a high dose of oral antigen, we compared Vβ8 + /CD4 + cells from untreated and thymectomized Tg mice. Figure 5 shows that Vβ8 + /CD4 + Tg cells in peripheral blood gradually returned in euthymic Tg mice, whereas Vβ8 + /CD4 + cells did not return in thymectomized Tg mice fed MBP. In euthymic and thymectomized mice, Vβ8 + /CD4 + Tg cells in peripheral LNs were profoundly reduced 1 day after MBP feeding and returned 2 days later (day 3). However, although Vβ8 + /CD4 + Tg cells persist in euthymic Tg mice, thymectomized Tg mice fed MBP exhibit a gradual decline in Tg cells after day 3 ( Figure  5b ). Similar declines were observed in SPL and MLNs (data not shown). The absence of Vβ8 + /CD4 + is a direct effect of oral administration of MBP because thymectomized mice fed vehicle maintained their Vβ8 + /CD4 + population in all organs examined (data not shown). Furthermore, sham-surgery control mice fed MBP showed similar Vβ8 + /CD4 + expression as euthymic MBP-fed mice (data not shown). These data demonstrate that in the absence of the release of naive Tg cells, the peripheral MBP-specific population diminishes 7-14 days after exposure to a high oral dose of MBP.
MBP-specific T-cell functional capacity was also assessed by measuring in vitro proliferation responses to MBP NAc1-11. The most robust proliferation occurred with cells isolated 1 day after MBP feeding. LN cells from euthymic Tg mice demonstrated decreased proliferation to NAc1-11 on days 3 and 7 after feeding (Figure 6a) , despite the presence of control levels of Vβ8 + /CD4 + Tg cells (Figure 5b) . Together with the reduction in IL-2 production after feeding (Figure 4c ), these observations are indicative of an anergic T-cell population (23) . However, by days 10 and 14, proliferation returned to control levels. The
Figure 4
T-cell activation occurs early, and later it declines after MBP feeding. (a) MBP TCR Tg mice were fed vehicle or 100 mg MBP and sacrificed 1 or 3 days after feeding. Peripheral LNs were harvested from three animals per group, and pooled single-cell suspensions were analyzed by flow cytometry for early activation antigen (CD69) expression within Vβ8 + /CD4 + Tg populations. (b-d) Adult MBP TCR Tg mice were thymectomized, then fed vehicle or 100 mg MBP, and sacrificed on days 1, 3, and 14 after feeding. TGF-β production was measured by ELISA from supernatants of splenocytes cultured with MBP. TGF-β concentration (pg/ml) was determined from a standard curve for duplicate cultures from individual animals, and the mean for each group ± SEM is shown (n = 2-4). Values were not statistically different from vehicle-fed control mice. IL-2, IFN-γ, IL-5, and IL-4 production was measured by ELISPOT from LN cells cultured with MBP. There was negligible production of any cytokine without in vitro restimulation with MBP. Responding cells per million were determined for replicate wells from individual animals, and the mean for each group ± SEM is shown (n = 2-6). A Values are statistically different from vehicle-fed mice at P ≤ 0.05. recovery of the proliferation responses most likely represents new thymic emigrants, as proliferation responses were not restored in thymectomized Tg mice (Figure 6b ). There was also evidence for anergy in thymectomized mice 3 days after feeding, when Vβ8 + /CD4 + Tg cells are present (Figure 5b ) but proliferation is reduced (Figure 6b ). However, in contrast to early time points after MBP feeding (day 1), later analysis in MBP-fed thymectomized Tg mice shows that functional responses to MBP (cytokine production, proliferation) ultimately decline.
Evidence for apoptosis of MBP-specific T cells after MBP feeding. We assessed the possibility that MBP-specific T cells were undergoing apoptosis at later time points after exposure to a high oral dose of MBP. Adult MBP TCR Tg mice were thymectomized, fed vehicle or 100 mg MBP, and sacrificed 7 or 10 days later; MLNs were analyzed by flow cytometry for apoptosis. Thymectomized Tg mice fed MBP exhibited a dramatic increase in TUNEL + Tg cells (Table 1 ). In addition, MBP feeding resulted in enhanced Fas expression on CD4 + cells (Table 1 ) and a fourfold increase in FasL expression on MHC class II-positive cells (data not shown). Therefore, these observations indicate that in addition to inducing anergy, high-dose oral antigen administration can result in apoptosis of antigen-specific T cells.
Discussion
Studies presented here explore the fate of MBP-specific T cells in vivo after high-dose MBP feeding by following the population over time in thymectomized Tg mice. To avoid the confounding influence of newly released T cells, we utilized thymectomized animals instead of Rag -/-mice due to the high level of spontaneous EAE that is observed when the Rag mutation is introduced onto the MBP TCR Tg background (14) . A single high dose of MBP led to diminished function and deletion of MBP-specific Tg T cells. Preceding deletion, there is an early in vivo antigen-recognition event characterized by TCR downmodulation, CD69 upregulation, and heightened Th1 and Th2 cytokine responses that correlates with protection from EAE. Analysis of Th1-type (IL-2, IFN-γ), Th2-type (IL-4, IL-5), and TGF-β cytokines failed to demonstrate evidence for active suppression or immune deviation. Instead, we observed that the Vβ8 + /CD4 + phenotype and functional responses ultimately declined within 14 days of feeding. TUNEL analysis then confirmed apoptosis of MBP-specific cells after a single high-dose MBP feeding. Interestingly, we also observed a brief period characteristic of anergy, when Vβ8 + /CD4 + cells were demonstrable, but showed decreased IL-2 production and proliferation responses in vitro. T-cell activation has also been shown to precede oral tolerance in nondisease model systems. Cytochrome (cyt) c TCR Tg mice fed repeated low doses of cyt c exhibited a reduction in Tg TCR + cells and upregulation of CD69 in splenocyte populations (24) . Similarly, when OVA-specific Tg TCR + T cells were adoptively transferred to BALB/c recipients, a single oral dose of OVA resulted in activation and proliferation of OVAspecific T cells leading to T-cell anergy (25) . In other studies, repeated oral administration of OVA resulted in reduced Tg TCR + cells in SPL and LNs of BALB/c recipients concomitant with increased IFN-γ, IL-4, and TGF-β production upon in vitro re-stimulation with OVA (26) . The level of TCR downmodulation in vivo has been shown to be directly related to the dose of tolerogen (27) . However, to our knowledge, ours is the first demonstration of this in mucosal tolerance.
Two independent mechanisms of TCR downmodulation have been described previously (28) . PMA-induced T-cell stimulation is believed to activate protein kinase C (PKC) and result in TCR internalization and then reexpression when the stimulus is removed (29) . TCR downmodulation after specific ligand interaction is thought to be PKC independent and results in lysosomal degradation of the TCR (30). It is not known whether these pathways of TCR downmodulation are interrelated. In work presented here, MBP-fed animals with decreased surface TCR demonstrated increased intracellular expression of Vβ8 protein, resulting either from cytoplasmic localization of extracellular TCR or newly synthesized TCR. It is unlikely that the return of Vβ8 + /CD4 + cells represents Tg cell progeny, as we did not observe evidence for in vivo proliferation of MBP-specific cells. Rather, the restoration of Vβ8 + /CD4 + cells likely results from re-expression of the Tg TCR facilitated by factors provided in lymphoid tissue microenvironments.
Despite the profound reduction in TCR expression, a Vβ8 + /CD4 + Tg population with an activated phenotype (CD69 + ) is present 1 day after antigen feeding in all lymphoid organs examined. This indicates that responses to high doses of fed antigen are not limited to the gut-associated lymphoid tissue. Indeed, in cyt c TCR Tg mice, splenocytes isolated 6 hours after cyt c feeding were able to stimulate naive Tg T cells when cocultured in vitro (24) . These authors concluded that orally administered cyt c was widely disseminated and was present in the SPL after feeding. Interestingly, a single low dose of cyt c (0.5 mg) induced increases in CD69 expression similar to results presented here. Thus, both high and low doses of orally administered antigen induce peripheral T-cell activation. Heightened in vitro cytokine responses to MBP most likely resulted from Vβ8 + /CD4 + /CD69 hi /CD62L lo T cells, as TCR expression is required to ligate antigen. Given the high frequency of MBP-specific T cells in MBP TCR Tg mice, it is possible that this population did not encounter sufficient antigen in vivo to downmodulate TCR expression completely but did receive enough TCR ligation to signal changes in antigen responsiveness.
The ultimate fate of T cells, whether activated or hyporesponsive, is most likely determined by the antigen presenting cell (APC). Dendritic cells (DCs) as APCs have been shown to initiate active immunity and/or induce T-cell tolerance, depending on their maturation state. DC maturation can be triggered by CD40 ligand, inflammatory cytokines, the presence of necrotic cells, or viral and bacterial constituents (31, 32) . Unlike immature DCs, mature DCs are potently immunogenic (31) . We observed a short-lived period of protection after feeding MBP to Tg mice (Figure 3 ). Perhaps the bacterial products present during MBP/CFA immunization induce DC maturation and promote immunogenicity to MBP that overrides mucosally induced tolerance (Figure 2 ). The excessive number of MBP-specific T cells in MBP TCR Tg mice is noteworthy and can explain the fact that protection from EAE is less dramatic and more short-lived than observed in orally tolerized conventional rats and mice (1, 3) . Because Liu et al. have recently demonstrated that DCs in the intestinal wall can acquire soluble protein antigen and migrate into peripheral lymph to prime antigen-specific T cells (33), we are currently investigating the role of DCs in the induction of oral tolerance.
By integrating the data presented here with work by others, we propose a model for oral tolerance induction ( Figure 7) . Antigen traverses the gut epithelium and is presented by APCs, presumably DCs. Antigen-specific CD62L + /CD4 + T cells encounter a high dose of antigen presented on DCs, which triggers TCR downmodulation, CD62L downregulation, and CD69 upregulation within 24 hours. In vitro, these cells are hyper-responsive to antigen, as measured by IL-2, IFN-γ, IL-4, and IL-5 production. After 3 days, CD62L and TCR expression return, whereas CD69 expression and responses to antigen diminish, i.e., T cells are anergic. Finally (7-14 days after feeding), fewer antigen-specific T cells are detectable, in vitro responses decline, and apoptosis of Tg cells is seen. Collectively, these observations suggest that the mechanism of oral tolerance after high doses of antigen follows an in vivo continuum of activation, anergy, and then deletion.
